Purpose: The purpose of this study is to identify and validate the requirements for new technology supporting wellness, independence and social participation for older people domiciled in residential homes and/or assisted-living communities. Method: This research adopts a stakeholder evaluation approach to requirements elicitation and user interface design. Specifically, the study design combines several qualitative human-machine interaction (HMI) design frameworks/methods, including realist ethnography, scenario-based design, persona-based design, and participatory design. Findings: New technology should reflect positive values around ageing and link to psychosocial models of successful ageing, and biopsychosocial models of health and wellbeing. Resident autonomy, wellness and social participation cannot be conceptualized outside an understanding of the relationships older adults have with others. The design remit for this technology is to enable a resident experience that is similar to living at home. New technologies should facilitate wellness and communication/connection, and not simply risk assessment. New technology provides an opportunity to bridge existing information gaps between care planning, care assessments and daily care. Overall this technology needs to be intuitive and uphold the resident's dignity and rights. Person-to-person interaction is central to care delivery. The introduction of new technology should enhance this interaction, and not threaten it. Conclusions: Future assisted-living (AL) technology should be premised by biopsychosocial models of wellness and support relationships between older adults and members of the personal and professional community. New assisted-living technology affords the possibility for improved social relationships, enhanced wellbeing, better quality of care, and independence. Such technologies require careful consideration in relation to adapting to age/condition and managing issues pertaining to resident consent, privacy and human contact.
Introduction

Introduction to Study Problem
The purpose of this study is to identify and validate the requirements for new technology supporting wellness, independence and social participation for older adults, domiciled in residential homes and/or assistive living communities. This is a multifaceted research question/problem. Addressing this problem requires integrating insights from several diverse strands of theoretical and applied research, and drawing practical implications from a design perspective. This is complicated
Materials and Methods
Research Objective, Questions & Scope
The objective of this study is to identify and validate the requirements for new assisted-living (AL) technology facilitating wellness, independence and social participation, for older people domiciled in residential homes and/or assisted-living communities [31, 32] . In this regard, three research questions are defined:
• Q1: What are the requirements for new technology facilitating wellness, independence, and social participation, for older adults domiciled in residential homes and/or assisted-living communities? • Q2: What ethical issues, user acceptability issues and broader stakeholder concerns need to be addressed, and how? • Q3: How can relevant theoretical models (including concepts of relational autonomy, relationshipcentered care approaches, biopsychosocial models of wellness and models of successful ageing), be utilized from a technology design perspective?
In terms of scope, the primary focus is on the resident experience and the associated resident solution. Solutions for other stakeholders (i.e., nurse, care assistant and family) are being advanced for the purpose of (1) complementing workflows associated with the resident solution (for example, a nurse accessing a resident wellness survey), and (2) providing task support for these other stakeholders in relation to addressing resident wellbeing (for example, a nurse viewing resident profile information and/or reporting on resident wellbeing). Appendix A provides more information on the specific solutions advanced.
Background
Human factors research is being undertaken as part of an industry and academia collaboration involving researchers from Trinity College Dublin (TCD) and Oneview Healthcare [31, 32] . As defined in ISO 6385, human factors concerns "the practice of designing products, systems, or processes to take proper account of the interaction between them and the people who use them" [33] . Prior to the commencement of this research, a preliminary "assisted living" (AL) product was advanced by the Oneview "assisted-living product team". The initial concept, functionality and user interface (UI) design was specified based on market analysis data and feedback from subject matter experts and prospective clients. Currently, this preliminary product is being elaborated.
Human factors research is being undertaken in parallel to this product development/elaboration. In this context, there is a requirement to (1) provide ongoing feedback to the product team, (2) define preliminary requirements at an early stage, (3) quickly translate field research findings into design requirements (i.e., prototyping), (4) iteratively elaborate on requirements and design solutions and (5) , validate the design solution, taking into account those functions that deliver benefits to different stakeholders (i.e., co-design/evaluation). Overall, the proposed methodology takes into account the above requirements. The collaboration model is defined in relation to the provision of research services elapsing over a two-year period. The product owner and members of the project team are members of the AL "community of practice" and are involved in certain research activities. Specific research outputs are integrated into product development, following a review by the product owner and project team. As detailed in Appendix B, this has involved the iterative handover of personae, requirements specifications and prototypes, at predefined project milestones.
Overview of Study Design
This research applies the gold standard for human factors action research pertaining to new technology development. Specifically it deploys a stakeholder evaluation approach to requirements elicitation and user interface design [34] . This is underpinned by the participation of a "community of practice" [35] . The study design combines several qualitative human-machine interaction (HMI) design frameworks/methods. In relation to needs analysis, the methodological approach is underpinned by realist ethnography [36] [37] [38] . The emphasis is on understanding lived experience and the context and meaning of experience [39] -and especially, the interactions between older people and relevant stakeholders in their personal and professional community (i.e., nurses, family members, carers, friends, GP and specialists). In relation to requirements specification, prototyping and design/evaluation activities, the methodology combines aspects of "personae-based design" [40] , "scenario-based design" [41] and "participatory design" [42] .
In line with Wenger's approach (1999), the stakeholder evaluation approach involves the active and ongoing participation of stakeholders throughout the project [35] . As part of this, a "community of practice" comprising internal and external stakeholders has been advanced [35] . As indicated in Table 1 below, both internal and external stakeholders participate in different research activities. The composition of the community of practice is outlined in Appendix C. Table 1 below provides a summary of research phases and activities and what has been achieved. To date, forty-seven interviews have been undertaken (external stakeholders: N = 38, internal stakeholders: N = 9). This includes interviews with older people living independently, aged care nurses, family members, volunteers and experts in ageing and dementia. Preliminary observations have been undertaken in two day hospitals providing care for older people in the community. Initial observations have also been undertaken at a residential home. Following the analysis of field research findings, a Version 1 prototype was developed for use in the co-design activities. The first phase of co-design/evaluation sessions with the stakeholder panel (N = 6) has been completed. Currently, the second phase of co-design activities is underway (N = 3). Internal stakeholders = members of project team; External stakeholders = older persons, nurses, family members, dementia experts, residential home managers/owners and gerontologists.
To date, the stakeholder panel comprises 47 participants. Internal stakeholders (N = 9) include members of the assisted-living project/research team (i.e., human factors researchers, user experience designers, developers, product owners, nurses and experts in health informatics). External stakeholder comprises two participant groups (1) end users and (2) other stakeholders (N = 38 participants).
End users include older adults living independently with/without care in the home, potentially living with one or more morbidities, with different levels of functional and cognitive ability and an age range of between 60 to 90 years. Other stakeholders include three sub-groups, (a) family members, (b) formal aged care staff-(i.e., aged care nurses, care assistants and community nurses) and (c) other stakeholders (i.e., GPs, geriatricians, experts in ageing, volunteers in active ageing groups and volunteers/staff of relevant groups/societies). It is anticipated that the composition of the external stakeholder panel will broaden following Phase 8 Research (i.e., participation of older adults, geriatric nurses and administration personnel).
Older people, especially those living with cognitive impairment are a vulnerable group and safeguarding their dignity, rights and privacy is a key concern. The study has been conducted in accordance with the principles of the Declaration of Helsinki (as amended in 2013) [43] . It is intended that older people with benefit from this research (Principle 20). Participant decision making in terms of participating in research was based on a full understanding of what is involved (Principle 20). This was a process, rather than simply a document to be signed. All participants gave their voluntary informed consent for inclusion before they participated in the study (Principle 25). Every precaution has been taken to protect the privacy of participants and the confidentiality of their personal information (Principle 24). Research methods have received ethics approval from the School of Psychology, Trinity College Dublin, Ireland. Phase 8 Research (needs analysis at post-acute care facility) has also received ethics approval from the Institutional Review Board of the Mater Hospital, Dublin.
Literature Review and Development of Approach, Initial High Level Requirement, Sceanrios and Personae
The literature view focused on providing a qualitative summary of existing evidence pertaining to successful ageing, wellbeing, care approaches, stakeholder need, technology requirements and ethical issues. Relevant theoretical literature pertaining to successful ageing, wellbeing and care approaches was reviewed. Policy documentation and research studies pertaining to the advancement of assisted-living technologies were also examined. Further, an analysis of the existing competitor offering was undertaken. Lastly, the researcher reviewed requirements documentation provided by three prospective customers.
The output of this was a definition of the overall concept and approach, a specification of preliminary personae for older adults in different contexts (for example, residential care, assisted-living communities, home care and palliative care), the specification of initial scenarios, and the definition of preliminary requirements.
Preliminary personae and scenarios were derived from analysis of literature review findings. Following the approach of Rosson and Carroll (2002) and Goodwin (2011) , the initial high-level scenarios describe the future task practices/workflows supported by this new technology [44, 45] . Both the preliminary personae and scenarios were further refined following field research with stakeholders. As outlined in Appendix D, all proposed resident functions/requirements were defined in relation to (1) end user states/benefits, (2) biopsychosocial model of wellness and (3) successful ageing models.
Needs/Requirements Elicitation (Interviews and Observations)
Semi structured interviews were conducted in person either at the participants home or their workplace. Four separate interview guides were developed to support interviews with (1) older adults, (2) family members, (3) nurses/care staff and, (4) ageing experts and volunteers. Specific interview questions linked to key research questions and relevant themes emanating from the literature review.
In each case, the participant was posed questions pertaining to their own experience and needs, and also that of other stakeholders. Overall, forty-seven interviews were conducted with external (N = 38) and internal (N = 9) stakeholders. In terms of interview duration, 25 long interviews (approx. average duration 2 h) and 22 short interviews (approx. average duration 0.5 h) were undertaken. In all cases, the researcher took written notes. There was no audio or video recording.
In terms of participant breakdown, external stakeholders included 11 older adults (mean age mean age 79.36 years), 7 family members, 5 experts in ageing/dementia, 1 ICT expert, 4 nurses, 5 representatives spanning two "care for the elderly" day services, 3 representatives from a post-acute care service, and 2 representatives from a residential home. Appendix E provides an overview of the profiles of older adults. Internal stakeholders comprised 1 product owner, 2 experts in ICT for ageing, 2 former nurses currently working in healthcare ICT-based roles, 2 Graphic Designers/User Experience Designers and 1 GP/Health Informatics Expert.
Preliminary observations were undertaken taken at two day hospitals and one residential home. A short walk around was undertaken at one day hospital (approximate time: 0.5 h). The researcher was accompanied by the Assistant Director of Nursing. A detailed walk-around was undertaken at a second day hospital (1 day). Here the Researcher was accompanied by the Nursing Manager, along with other staff (Dietician, Case Manager and Pharmacist). The researcher observed several settings-case rooms, occupational therapy room, service user interviews and assessments and service user social activities/interaction in the common room. Further, the researcher received a walk-through of relevant technologies used by different staff, to document casework. A third observation was undertaken at a residential home (approx. time 2 h). Here, the researcher visited indoor and outdoor social spaces, dining rooms, activity rooms and resident rooms accompanied by the residential home owner. In all cases, the researcher collected artifacts from the settings including paper forms and information leaflets. In relation to the second day hospital, the researcher took screenshots of the technologies used by the different roles, and schedule/workload information presented on nurse whiteboards.
Needs/Requirements Analysis and Refinement of Scenarios and Personae
Following the interviews/observations, the researcher's notes were transcribed. Data analysis focused on understanding/defining the lived experience of older adults, care approaches and specific stakeholder technology requirements. A thematic analysis of field research findings was undertaken [46] . The thematic analysis was initially driven by the research question and associated theory (i.e., not inductive). In support of this, a preliminary coding/data frame with high-level nodes was defined. An initial review of sample manuscripts across different stakeholders was undertaken. Following this, the coding frame was refined and sub-nodes were identified (i.e., link to emergent themes). Appendix F provides an example of the final coding frame. The qualitative data analysis software NVivo was used to support the thematic analysis of data.
Production of Intitial Prototype
Stakeholder personae and scenarios were used to (1) support problem solving around stakeholder requirements and (2) the user interface design of prototypes. Early stage prototypes were developed using the wire-framing tool Balsamiq. The primary focus was on the resident solution. Three different prototypes linking to three high-level resident contexts were defined-(a) resident is considering moving to residential home, (b) resident is in the admissions process and (c) resident is domiciled in residential home. The specification of (c) involved the parallel definition of complementary prototypes for other stakeholders. This includes prototypes for nurses, care assistants and family members. The initial prototype was reviewed by members of the project team (internal stakeholders, N = 2), in advance of the co-design activities.
Codesign and Evaluation: Phase 1
As indicated in Table 1 , the first phase of co-design/evaluation occurred after the analysis of field research and the specification of the initial prototypes (prototypes 1). The evaluation focused on eliciting stakeholder feedback regarding the high-level product concept for the resident application, and a subset of the other stakeholder solutions (for example, nursing staff, families, pre-admissions and admissions). External stakeholders included older adults (N = 4) and nurses (N = 2). In advance of viewing the prototypes, participants reviewed a short Microsoft power-point presentation that provided a background to the research and preliminary findings, a summary of the different applications and functions, and an example persona. The example persona referred to Frank. Frank is 71 years old, has Type A Diabetes, moderate functional decline and early cognitive decline. The review/co-design of prototypes then commenced. The initial prototypes were demonstrated to stakeholders using a laptop computer. Participants were invited to review prototypes based on (1) their own experience and need, and (2) on the imagined situation of Frank. Feedback pertaining to user need, user expectations, user acceptability and issues related to ethics and privacy was elicited. Appendix G features some examples of this version 1 prototype.
Codesign and Evaluation: Phase 2
As indicated in Table 1 , the second phase of co-design is currently underway. Overall, this has involved the same procedure as phase 1. However, the second phase of co-design is focused on the resident and nurse applications only. The prototypes demonstrate basic level functionality on the tablet (i.e., touch interaction). The focus here is on (1) eliciting more specific usability feedback (i.e., task workflows, interaction style, nomenclature and iconography) and (2) following up on certain key human factors issues (for example, reduction in human contact). To date, the participant panel includes older adults (N = 2) and a nurse (N = 1).
Next Steps
Two further phases of co-design/evaluation with the participant panel are planned. These will focus primarily on the (1) resident solution and (2) nurse/care givers solutions. In relation to (1) , this will involve the evaluation of a working product in a test environment (i.e., resident room with full sensor kit). Further, it may include a demonstration of a "multi-modal" resident solution (including voice, touch and potentially gesture interaction). In relation to (2), the primary focus will be (a) evaluating those functions which pertain to resident wellness (for example, reporting on resident status and activity, ensuring meaningful interactions with the resident, evaluating resident changes and making a case for new assessments/care plan updates), and (b) exploring how best to manage issues around reduction in human contact/optimizing human contact in care delivery.
In addition, field research will be undertaken at a post-acute care community unit and at a residential home (Phase 8). As part of the initial needs/requirements elicitation (phase 3 research), the researcher previously undertook preliminary observations and interviewed staff members at these sites. This phase of field research will involve the participation of patients, nursing home residents and nursing/care staff. This will involve a mix of realist ethnography and co-design/evaluation. Collectively, the output of these activities will feed into the final prototype specification.
Results
Overview
This section presents the results of Phase 3 research (i.e., needs/requirements elicitation). First, general findings reflecting the needs/perspectives of all stakeholders are reported. Following this, specific stakeholder technology requirements are reported. This spans older people, nurses, care assistants, family members and care home mangers/owners.
General Findings
There was general agreement that independence for seniors is linked to interdependence. That is, independence for older adults necessitates support from other actors in an older person's personal and professional community.
Participants emphasized the importance of the psycho-social dimensions of ageing. Overall, there was agreement that the technology should support wellness, independence, social connection/ participation and privacy. Table 2 below provides a summary of the specific states to be (1) promoted, (2) managed and/or mitigated and, (3) avoided. Concepts of "relationship-centered care" resonated for all participants. It was agreed that the proposed stakeholders for this new technology might include residents, family members, nurses, care assistants and administrative staff (i.e., staff working in admissions and involved with co-ordination with family members). As observed by participants, all such stakeholders might benefit from this technology; specifically, in relation to promoting meaningful interaction, monitoring the resident (i.e., tracking health status, activity, mood and pain), and addressing individual needs on a real-time basis.
Older adults, family members, community nurses and ageing experts expressed a strong preference in relation to supporting older people remaining in their own homes. Daily routines were reported as closely bound up with "being in their own home" and "having access to their own things/furniture". Also, the home was reported as "a place closely associated with memories and personal identity". In this regard, it was agreed that future technology should enable older adults to remain in the home. Older adults might first interact with AL technology in their private homes. Aspects of this technology might be replicated in a residential context. Older adults and family members expressed concerns/fears in relation to the transition to a residential home. Consistently, this was reported as something to be "put off " until "it becomes inevitable".
Participants reported that many older people domiciled in residential homes have early cognitive decline and/or dementia. As such, their ability to interact with tablet systems might be limited. However, participants noted that the advancement of solutions for nursing and care staff along with family members would be beneficial for residents with dementia.
All participants highlighted the need to distinguish between a residential care context and an acute care context. As reported by participants, although residents may need help with specific activities of daily living (ADL) and/or have cognitive impairment, "they are still living" and "require purposeful activity". Further, "the residential home is their home". Unlike a hospital setting, "the intention is that residents live in the residential home as they would do in their own home". In this regard, it was suggested that the proposed design remit for this technology might be to enable a resident experience similar to "living in one's own home". Participants characterized "home" in relation to (1) free movement, (2) eating and sleeping in different spaces, (3) spending different parts of the day in preferred living/social areas (including outdoor spaces), (4) having control over their direct environment/room (i.e., light, noise, heat, opening/closing of windows and doors), (5) having access to social/communal spaces, and (6) the ability to receive visitors. Moreover, participants observed that just like a private home, (7) the residential home must be integrated with the community. Where possible, the resident should be able to come and go-engaging with the outside world on their own terms. Many participants (and specifically ageing experts) remarked on societal tendencies to segregate older people (i.e., confined to residential homes which are removed from the community).
There was a general concern that the introduction of this technology might be focused on serving organizational goals (i.e., reducing the costs of care and risk assessment), as opposed to having a resident focus. All participants suggested that the technology might reflect a balance between resident needs and organizational needs (including needs of nurses and caregiving staff). In addition, family need might also be considered.
Every older person is unique and has specific needs and different abilities. Accordingly, it was agreed that needs assessment and customization is a necessary first step in relation to the implementation of such technologies for individual residents. All participants observed that AL technologies might be useful in relation to keeping residents active and socially engaged. It was noted that future technology might enable residents to maintain social connections and "keep in touch with family and friends". This was distinguished from "providing companionship". As reported by participants, a tablet solution can afford the opportunity to make a telephone or video/Skype Call. However, it cannot replace the lived experience of "being in a relationship" and/or "the company of family and friends" and associated communications/supports.
The application of passive technology to monitor resident safety, prevent falls and raise alarms (if needed) was welcomed by all (i.e., passive sensors in beds and activity monitoring sensors). Further participants noted that they wander management technology (i.e., door sensors and sensors in the environment), would be acceptable, if this meant that they could move around freely. Participants liked the idea that from a resident perspective, much of the technology might be happening in the background (i.e., bed sensors, sensors on windows/doors etc.).
All participants emphasized the importance of upholding resident rights and dignity. In particular, participants stated that personal and medical information should be protected (and not shared with other without permission) and that the technology should allow residents to have a voice (i.e., articulate their needs and concerns).
All participants highlighted the importance of in person care (i.e., person-to-person communication). Participants observed that we should not lose touch with the human element of care characterized by human presence and responsive/empathetic communication. Specifically, nursing participants observed that interaction with residents informs care plans, care assessments and family communications.
One of the big issues reported by all participants, is that the introduction of this technology (for example, activity sensors, bed sensors, fall sensors, health monitory technology [including wearables], smart room technology [control windows, doors and environment], and technology linked to virtual social participation) may lead to (a) a reduction in human contact, and (b) poor quality contact/care. Participants observed that if care staff are using the tablet while in the resident's room (i.e., reading information and completing forms), then this will negatively impact on certain key dimensions of person-centered care (for example, eye contact, touch, active listening and conversation). Moreover, participants noted that if monitoring is automated, and in person contact mostly initiated by electronic help requests, then this might become quite isolating for residents. For example, it might result in situations where residents only receive in-person contact if they request contact/help. As stated by one participant, "If the nurse can see on computer screen that I am ok, would they still call to my room?" It was suggested that new process/procedures should be designed to mitigate the potential loss of social contact arising from the introduction of this technology.
All participants highlighted the importance of the care assistant's role. Care assistants have significant interaction with residents-providing support for ADL (for example, dressing, washing, toileting, eating and drink, grooming, transport around the residential home), room cleaning and answering resident requests/calls. Further, care assistants often act as a communication/coordinating interface between the resident and nursing/administration staff.
Family members and nursing/care staff highlighted the importance of the resident's admissions process in terms of (1) eliciting information about the resident (i.e., who they are, what matters and key contacts) and (2) enabling a smooth transition to their new environment.
Need and Requirements: Residents (Residential Homes and Assisted Living Communities)
Overall, the Tablet might provide simple/fast access to a small number of functions that are meaningful to older people (as opposed to unnecessary noise). In this regard, participants stated that a level of realism in relation to proposed functionality is required. Functionality enabling access to entertainment functions (radio, TV), enabling the provision of feedback about mood/pain, supporting communication with family and friends, and the provision of access to photos/videos of family is useful. In addition, technology to support stress management and relaxation (automation of music at specific times, providing easy access to preferred TV stations/programs) is beneficial. Functionality to support self-management of health (education, access to medical records) might not be used. Participants noted that they would not like instructions/prescriptions from a piece of technology in relation to lifestyle choices, diet/exercise and social engagement. Having said that, it might be useful to view information about events, obtain medicine reminders and exercise prods, and/or participate in interactive physio exercises. Overall, this might "help keep a person engaged' and "give some purpose to the day'. In this regard, all participants welcomed the idea that during the admissions process, the tablet menu options and technology functions might be customized based on resident preferences and what is meaningful and realistic for them. Moreover, participants indicated that the resident might obtain training in relation to the use of the tablet. There was a mixed response to concepts around the provision of daily notifications for residents (i.e., engagement versus overload). It was suggested that such functionality might only be used by residents with significant computer experience and/or strong motor and cognitive ability.
Need and Requirements: Nursing Staff
From a nursing perspective, future systems might address issues around assessing patient acuity and enabling easy and real-time access to resident information (i.e., risk, health status, care plan, and assessments information). It was noted that medication reconciliation/management is a key task. To this end, new systems might support medication management across the process timeline (i.e., admissions, daily care, assessments, care planning and discharge {if respite}). Electronic rounding systems might present resident well-being information elicited from resident self-reports, ambient sensors, and nurse/caregiver reports. Moreover, such systems might provide information about the person (i.e., social and personal history), what matters to them, important calendar dates (i.e., birthdays, wedding anniversaries), care routines and preferences. Participants reported that not all residents require the same level of rounding/checks. Also, in many cases, nurse observations may occur outside the resident's own room (i.e., corridors and communal/social space). Participants responded positively to the concept of developing a resident "wellness profile". It was suggested that all aspects of wellness be considered. For example, mood, pain, duration of sleep, bed exits, care/help requests, challenging behavior events, fall events, wandering events, eating/drinking, social activity and physical activity.
As reported by participants, one of the benefits of such a system is that might be used to build a picture of what is normal for a person (i.e., baseline context), so that any changes from this baseline might be easily flagged and interpreted by caregivers. For example, over time, the system (i.e., triangulation from sensors, nurse reports, resident surveys) might build a picture of a person's typical sleep patterns (i.e., two bed exits during the night, and 6 h sleep). Deviations from this "baseline normal" might be highlighted with yellow/amber/red icons to indicate a change from normal. As reported by participants, this would be particularly useful for short-term contract/agency staff (i.e., such staff may not have had sufficient time to develop a rich picture of the resident). Further, this would help in relation to error avoidance/mitigation (i.e., briefing errors, failure to complete a full handover of resident information). Participants observed that it is also important for the system to track how nursing and care staff have addressed such changes. As stated by one participant, "to be effective, the technology needs to evaluate our responses to signals. This ensures that key response tasks are not omitted or forgotten".
Following from this, nursing participants noted that the proposed system might help bridge gaps between daily care, care planning and assessments. It was noted that care plans change, as the status of the resident changes. Often, care plans fail to reflect the current situation of the resident (i.e., fall behind resident changes), and/or, the latest feedback from assessments. In this regard, it was suggested that smart tracking of information about the resident arising from daily care activities (i.e., nurse/care giver feedback' and social activities, might be used to flag the requirement to undertake a new assessment and/or revise a care plan.
In relation to care requests, staff may receive in verbal care requests from residents outside their room location (i.e., not just using a call button). This needs to be considered in terms of contributing to resident wellness models and associated data analytics.
Some participants noted that the tablet might distract nursing staff from core communication/ care-giving activities (i.e., the nurse might become distracted scanning information and reporting on care tasks). This might impact negatively on resident interactions. Participants also expressed concerns that the introduction of an electronic rounding system might increase workload as opposed to reducing it. Further, participants queried whether such a tool might be used to justify a case for less staff (potentially increasing caregiver burden). In addition, participants expressed concern regarding the impact of such technologies on existing reporting processes (i.e., compliance). As highlighted by participants, it is quite common for nurses to undertake and report on care tasks at different times. As stated by one participant, "what happens if somebody in the next room is calling, and I am reporting my current check using the tablet? What should I do? Can I leave the reporting task until later?" Participants noted that from a practical perspective, the technology should not force nurses to report on rounding/resident checks at a fixed point in time.
Needs and Requirements: Care Assistant
Future systems might enable caregivers to report on tasks relating to managing resident ADL and resident requests. It was agreed that this would deliver significant benefits to the resident. Further, it was noted that care assistants are more likely to notice resident changes -specifically, changes in relation to mood and behavior and physical health (including skin changes). Thus, new systems might enable caregivers to report on wellness observations, to support the activities of nurses and clinicians. Further, such systems might enhance the communication between residents and care assistants, and between care assistants and the wider nursing/clinical team. It was also suggested that care assistants should have access to the residents' personal and social profile, to enhance communications both with residents and with family members.
Needs and Requirements: Family Members
For family members, future applications might enhance the feedback loop between residents, caregivers and family members. Specifically, family members might obtain information about the daily routines of their loved ones, key health and activity parameters (including both social and physical activity) and any changes. It was noted that although promoting contact with family members is good, this technology cannot mitigate negative family relationships.
Family members also suggested that a separate system might be provided to elicit information about their loved ones, in advance of their being admitted to the residential home. Such a system might allow family members to input information about who the person is and what matters, care preferences, health status, allergies and past assessments.
Needs and Requirements: Care Home Mangers/Owners
Care home owners expressed a strong preference that this technology support health monitoring, resident safety, behavior management (i.e., identifying changes in behavior and potential for challenging behavior) and risk assessment (i.e., identifying/flagging fall risks, swallow risk and potential for self-harm or harm to others). It was also suggested that this technology might promote positive interactions between care/nursing staff and residents and purposeful engagement (for example, recording of resident personal/social profile and interests). It was agreed that this technology might also enhance social interaction (1) between residents, (2) between residents and their social network (i.e., friends and families) and (3) between residents and the wider community (i.e., maintaining links to volunteer groups and activities, and providing information about social events in the community).
Proposed Concept and Technology Solution
Introduction
This section presents the overall technology solution, as emerged in the iterative requirements specification, analysis and co-design activities. As mentioned previously, the initial technology concept and associated prototypes (i.e., prototypes for resident and other stakeholders) were advanced following an analysis of the findings of the literature review (research phases 1 and 2), and field research with older adults and other stakeholders (phase 3 research). These prototypes were further elaborated during co-design activities with internal and external stakeholders (research phases 6 and 7). First the overall concept and suite of applications is reported. Following this, the resident solution is outlined. A brief description of solutions for the nurse and care assistant are also provided. For more information on the proposed solutions for family members, pre-admissions, and admissions, please see [25, 26, 41] .
Overall Concept and Applications
The proposed functionality is conceptualized in relation to stakeholder relationships and enabling relationship-centered care. A suite of interrelated technologies has been advanced for older people and other stakeholders (i.e., nurses, care assistants, admissions/administration personnel and family members). Appendix A provides more information on the suite of applications and associated roles.
The frame of reference for the suite of solutions is the resident (and associated need, context and potential benefits). Solutions have been advanced for the resident (1) prior to transitioning to the residential home, (2) while undertaking the admissions process and, (3) to support daily life once domiciled in residential home.
In relation to (1) , this involves a web interface that the older person/family member can access from home. Equally, the family member can use this on their own (assuming prior permission by the older adult). This system captures information about the resident to support the admission process. In relation to (2) , the resident does not interact directly with this system. Rather, an Admissions Coordinator would use this system-sharing their screen with the resident and/or family member. Specifically, it is used to capture information about the resident to ensure a positive and safe transition to the residential home.
Overall the focus of this research has been in relation to (3) . In this regard, the tablet solution and associated sensor kit has been advanced. Overall, the tablet solution and sensor kit supports the resident experience-enabling (a) residents, (b) family members and (c) all staff in the residential home to be involved in care. In relation to (c), this includes staff whose roles/responsibilities may not previously have been perceived as part of care delivery (for example, staff involved in pre-admissions, admissions, maintenance staff and concierge). It should be noted that (3) necessitates the advancement of complementary technology for other stakeholders (i.e., nurses, caregivers, family members). These are also outlined in more detail below.
Resident Record
The resident record is the starting point for enabling relationship-centered care. This captures relevant biopsychosocial information about the resident at different points in the care timeline. As defined in Figure 1 below, this information is derived both from the resident (i.e., inputs from the resident app and/or room sensors) and other actors (who use additional tablet solutions).
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As indicated in Table 3 below, information pertaining to resident identity, wellness and ability is captured at different points in the care process (pre-admissions, admissions and real-time care), from all staff (i.e., caregivers, administration and concierge) using different tools as indicated above. This information is in turn integrated with data from sensors (for example, activity sensors, bed sensors) using a data triangulation process. In turn, the system can represent consistencies/inconsistencies across different data sources in relation to specific resident wellness parameters. For example, it can highlight that the resident is reporting good sleep to the nurse, but the bed sensor indicates that sleep has been poor. This information can be used to support more resident centered communications and uncover wellness problems. The concept is to develop a range of self-decided services based on what matters to older people, and to allow for personalization (i.e., rights framework). The resident chooses what functions are available on the tablet and how they appear on the user interface. Equally, the resident chooses what sensors are used and how this information is distributed/used (i.e., privacy). For residents with cognitive impairment, this is negotiated between the resident, their family members and the care team. Importantly, the resident is involved in this decision-making.
The resident directly interacts with certain technology (for example, the resident tablet), while other technology is invisible (i.e., sensors). The primary interaction will be with the resident tablet device (touch interaction). This tablet device may or may not cast to the resident's in room TV. The design solution is adaptive in terms of age-related changes and characteristics. Interactions are natural using touch (and potentially speech and gesture). Currently, outputs are text/image-based. Research is currently addressing multimodal aspects (i.e., voice and gesture). Depending on the functional and cognitive ability of the resident, the resident may receive help using the tablet device (ability philosophy). In the case of a resident with early to mid-stage Dementia, the tablet features a reduced icon-based menu. Each menu item leads to a simplified user interface with picture-based content and functions. It is anticipated that the resident might interact with this interface (touch-based), with the help of their caregiver or family member. This promotes engagement and ability.
The resident home page features a series of menu items (text/icon-based) and notifications functionality. The resident can choose which menu items are most suitable, and if they would like notifications or not. As outlined in Appendix H, the menu is grouped into nine overall functions/areas. This includes family and friends, social and events, care team, surveys, entertainment, my health, meals, concierge and room. There is also access to non-curated content (for example, Gmail, Google, Skype, YouTube and newspapers etc.). Figure 2 below illustrates an example customization with six menu items/functions. The resident home page features a series of menu items (text/icon-based) and notifications functionality. The resident can choose which menu items are most suitable, and if they would like notifications or not. As outlined in Appendix H, the menu is grouped into nine overall functions/areas. This includes family and friends, social and events, care team, surveys, entertainment, my health, meals, concierge and room. There is also access to non-curated content (for example, Gmail, Google, Skype, YouTube and newspapers etc.). Figure 2 below illustrates an example customization with six menu items/functions. Notifications can include a prompt to complete a survey, a reminder about a new video message from family/friends or a forthcoming visit, a reminder about a forthcoming club event that the resident is attending, or a suggestion to attend an event at the residential home/in the community that matches their interests (machine learning). A key feature is that the resident always receives a notification. This is underpinned by task activity (and associated processes) on the part of other roles at the residential home (i.e., Care Assistant, Entertainment Coordinator and Concierge). Moreover, this activity is supported by additional systems for other stakeholders. Certain tasks/functions will be automated by these systems, to mitigate staff workload. For example, the system can automate targeted reminders about GP appointments and club events, general emails to all residents providing information about a forthcoming event and the circulation of daily surveys.
Given that much of the environment is shared with others (for example, corridors, communal/social spaces, eating areas and outdoor areas), the "home" experience and allied issues of resident control is defined on two levels. This includes: (1) the resident's room, and (2) communal/social spaces. This is discussed in more detail in relation to the sensor kit below.
Resident Solution and Key States
The proposed technology addresses all three pillars of wellbeing and the interrelationship therein. Specific functions promote wellness and map to the underpinning biopsychosocial model of health and wellbeing. Overall, it considers models of successful ageing-supporting social participation, addressing stress, mood and engagement, providing entertainment functions and promoting self-management and purposeful ageing. In general, the resident solution promotes: (1) Identity, (2) Wellness, (3) Independent Living, (4) Communication, (5) Social Participation and Community Engagement and (6) Self-Management. More detailed information about these themes and the resident experience is provided in Table 4 below. Notifications can include a prompt to complete a survey, a reminder about a new video message from family/friends or a forthcoming visit, a reminder about a forthcoming club event that the resident is attending, or a suggestion to attend an event at the residential home/in the community that matches their interests (machine learning). A key feature is that the resident always receives a notification. This is underpinned by task activity (and associated processes) on the part of other roles at the residential home (i.e., Care Assistant, Entertainment Coordinator and Concierge). Moreover, this activity is supported by additional systems for other stakeholders. Certain tasks/functions will be automated by these systems, to mitigate staff workload. For example, the system can automate targeted reminders about GP appointments and club events, general emails to all residents providing information about a forthcoming event and the circulation of daily surveys.
The proposed technology addresses all three pillars of wellbeing and the interrelationship therein. Specific functions promote wellness and map to the underpinning biopsychosocial model of health and wellbeing. Overall, it considers models of successful ageing-supporting social participation, addressing stress, mood and engagement, providing entertainment functions and promoting self-management and purposeful ageing. In general, the resident solution promotes: (1) Identity, (2) Wellness, (3) Independent Living, (4) Communication, (5) Social Participation and Community Engagement and (6) Self-Management. More detailed information about these themes and the resident experience is provided in Table 4 below. A large focus on the technology is on social participation and communication. The technology enables residents to report on mood and sleep, share their social and personal profile with other residents and care staff, report on social activity, register for events, share information with loved ones (i.e., photos and music), make Skype calls, and communicate with care staff (routine and emergency communications). Figure 3 provides an example of the daily survey (reporting on mood and sleep). 
Resident Sensor Solution and Ambient Technology
A passive sensor solution has been advanced which forms part of the resident's environment. In terms of the resident's room, this includes passive infrared (PIR) activity-based sensors, bed sensors and sensors on doors and windows. All rooms will feature access controls and intuitive signage (pictures of residents and not just numbers). Smart lighting/heating will be implemented in resident rooms. Emergency call buttons will be located by the resident's bed, and in the bathroom. Pending resident/family agreement, residents may wear GPS insoles (i.e., enabling safe and free movement where there is a risk of wandering). These can be tied into proximity locks at restricted areas (i.e., doors would lock upon approach). Digital signage will be used in communal/social areas. It is anticipated that sensors will feature on all windows and doors around the facility. Real time location systems (RTLS) may be used (i.e., tracking resident/staff locations). There will be no CCTV. Lastly, there will be data analytics technology, monitoring and providing feedback about (1) resident wellness and activity (i.e., pain, sleep, falls, help requests, social activity, physical activity) and (2) staff activity (i.e., providing metrics in relation to care delivery /responses and feedback about the requirements for care assessments and revised care plans for specific residents).
The objective of the sensor kit is to provide safeguarding for the resident in their living area, track wellness indicators and provide predictive analytics to care teams based on the personal behaviors of the individual resident. Different sensor profiles can be assigned to residents at various stages of the care spectrum, to ensure that the sensors are in tune with the care needs of the resident. For example, if a resident has a history of manic behavior and the sensors detect that they are getting out of their bed at night and turning and off light switches, then this would be pertinent information for their care team to address this behavior before it escalates.
More general sensor profiles would address the issues of falls-at night, bed sensors and PIRs can observe that the resident has got out of bed. This event would turn on low-level lighting to the bathroom, to reduce the risk of a fall. The bathroom PIR would pick up that the resident has entered the bathroom. If the bedroom PIR and bed sensor do not pick up that the resident has returned to their bed within a time parameter, then a care event can be raised in case the resident has fallen (at a time they would be less likely to be wearing a pendant).
Machine learning is utilized to refine the idea of "normal behavior" for the resident. For example, an individual may be accustomed to getting out of bed to sit at the window to pray at a particular time. This behavior would not need a care event to be raised (even though the resident may not have moved and has not returned to their bed). 
Machine learning is utilized to refine the idea of "normal behavior" for the resident. For example, an individual may be accustomed to getting out of bed to sit at the window to pray at a particular time. This behavior would not need a care event to be raised (even though the resident may not have moved and has not returned to their bed).
Nurse Checks/Rounding Solution
The nurse rounding application is task-based and provides wellness notifications at different levels (i.e., summary and detailed). As indicated in Appendix I, an initial summary screen provides status information about all residents assigned to the nurse. Currently, this includes information about their type of care, whether rounded, mood, sleep, nurse calls and falls. All of this information is derived from resident reports and data analytics. In the future, this might flag additional information (for example, recent challenging behavior, pain, level of care contact and level of social engagement). The nurse selects a resident to view more detailed information and report on the resident round/check. As illustrated in Appendix J, this detailed view is structured in terms of a series of tabs: (1) status;
(2) care plan and assessments; (3) profile; and (4) reports and analytics. The status tab includes summary information about the resident, rounding status, nurse concerns, self-reports, social activity, events and analytics, acute event and goals and education. The nurse interprets this data. The system does not prescribe what to do. The user interface design of the system is based on the aircraft cockpit philosophy (i.e., dark and silent). A traffic lights system provides notifications in relation to tasks outstanding and/or resident changes. The layout supports quick reading/information scanning. The system permits the nurse to save draft versions of a rounding report and complete reports at a later time.
Care Assistant Solution
The Care Assistant application allows caregiving staff to view information about the resident's current wellness, their activities, and their social and personal profile (i.e., who they are, what matters to them, and important calendar dates). The application also allows caregivers to report on their own task activities (i.e., support for ADL and care requests), and to provide feedback on the resident's mood and behavior. Further the system allows caregivers to communicate with nursing/clinical staff-reporting on any issues related to the resident safety and wellbeing, and specifically resident/family concerns.
Discussion
Summary of Study Purpose and Key Findings
As defined earlier, the overall purpose of this study is to identify and validate the requirements for new technology supporting wellness, independence and social participation for older people domiciled in residential homes and/or assisted-living communities. Table 5 below provides a summary of the key findings. These findings are discussed in more detail below. Participants agreed that technology should be underpinned by concepts of relational autonomy, relationship-centered care and biopsychosocial concepts of wellness New technology affords the possibility for improved social relationships, better quality of care and user control/independence in residential care contexts.
14 It is not likely that residents with mid to late-stage dementia will have significant interaction with Tablet/TV systems. Solutions for other stakeholders (family, nurses and care staff) will yield benefits for such residents.
New Approach and Addressing Gaps
This research provides a roadmap for the implementation of future technology in assisted-living contexts. Critically, the proposed concept and associated user interface design solution is (1) premised on human factors research pertaining to stakeholder need, technology requirements and benefits. Further, it is (2) underpinned by relevant theory. In addition, the proposed solution (3) directly addresses key issues concerning resident rights, issues of user acceptability and specific issues pertaining to social participation and human contact.
In relation to (1), the emerging concept is predicated stakeholder evaluation research, using best practice human factors/HMI design methods. The specification of need/requirements does not fall short of design instruction. Specifically, the use of co-design techniques bridges the gap between requirements elicitation (i.e., user interviews and observations), requirements specification and user interface design. Further, the use of co-design techniques has enabled problem solving/evaluation in relation to ethical issues and issues of user acceptability.
In relation to (2) , this new approach positively addresses the gaps in existing research in relation to providing a principled and theoretical basis for technology design. Firstly, the technology solution is conceptualized in relation to concepts of relational autonomy and relationship-centered care. These concepts provide the conceptual framework for thinking about need, and associated concepts of independence, quality of life and social participation. Overall, the approach is to develop technology from the perspective of understanding the social relationship and interdependencies between different stakeholders. These relationships and interdependencies are modeled in terms of information flows, which contribute to an overall picture of resident wellness. This ensures that the states/lived experience outlined in Table 2 are positively addressed [31, 32, 47] . Critically, the technology enables all actors to be involved in delivering care to older adults. Further, the proposed technology provides functions which link to all three wellness pillars (i.e., biological, psychological and social) [1, 2] . Certain individual functions directly link to specific wellness pillars (for example, communication functions and social wellness). However, to promote positive states of wellbeing for residents, the overall solution needs address all three pillars of wellbeing. Moreover, in keeping with models of successful ageing, the proposed technology enables psychosocial occupation and social connection, while also addressing resident safety.
In relation to (3) , this research directly tackles issues of resident rights and user acceptability. Further, it addresses existing gaps in the literature specifically pertaining to social participation and human contact. As indicated with field research with older adults and other stakeholders, the advancement of assistive technology raises overarching questions in relation to the values of society and how the design of future technologies both reflects and upholds these values [47] . In particular, this includes questions about (a) the value we place on promoting autonomy, wellbeing and social participation for older adults and (b) protecting resident dignity and privacy. Overall, the technology should be designed to promote positive values around ageing [47] . The proposed technology must enhance the ageing experience and deliver positive outcomes in terms of how residents live in residential settings. In keeping with the literature, the technology needs to support resident independence [15] , social connection [21, 23] , and physical liberty [16, 17] . In line with expressions of rights for older people domiciled in residential homes [27, 28] , and the European convention on human rights [29] , new systems should respect an older adult's privacy and choice. The older person must be the "driving seat"-opting in and out of all services, as required (promoting independence and quality of life). Residents should have control over their personal sphere, including any information captured about the biopsychosocial dimensions of their health and wellbeing.
This research indicates that future systems should not be used to replace person-centered care and/or to reduce the time that nursing and care staff spend with their patients. Further, it should reflect a careful balance between optimizing the ability/strengths of the person while considering the needs (and workload) of caregivers. As noted previously, all participants expressed concern that the introduction of this technology might lead to (a) a reduction in human contact, and (b) poor quality human contact. Further, as reported earlier, participants raised concerns that in person contact would no longer be routine/the cornerstone of care processes. As humans, we need companionship and social connection. This is an issue for all residents. However, it is particularly salient, for those residents with limited social ties, reduced mobility, poor health (i.e., confined to bed) and those with communication difficulties (i.e., mid to late-stage dementia). As highlighted earlier, the incidence of clinical errors resulting in patient harm and/or mortality is higher for older adults and those with poor communication ability (i.e., persons with disability and/or cognitive impairment). Further, the presence of family members (i.e., care advocates) has an impact on care. Those with reduced or no social ties/family participation are potentially more at risk. Overall the goal is to enhance the quality of care by providing all staff with the right information at the right time. Specifically, the objective is to use the technology to inform those actors who have leverage over addressing/managing the problem. This is critical in relation to issues around highlighting (1) deteriorations in resident physical, mental, social and emotional health, (2) self-neglect and/or harm, (3) poor quality care and/or abuse, and (4) resident safety. For example, in relation to (1) , the technology should be used to identify resident issues in relation to social participation. Accordingly, it should generate prompts for Entertainment Coordinators to set up purposeful resident activities and/or to prompt families to visit. The technology should also be used to boost or act as a trigger for "face-to-face" interaction (i.e., provision of social profile, membership of clubs, reminders of events). In this way, it can be used to bring people together around common interests (i.e., being in a club, sharing information about club events, sharing photos, sharing stories). Further, the technology might also be used to track what activities the resident enjoys or finds purposeful-learning about the resident to improve care.
Questions of automation are specifically salient in relation to reporting on lived experience (i.e., reporting on sleep, mood and pain). The nurse may have received this information (i.e., computer mediated). However a meaning conversation still needs to occur between the resident and nursing/care staff. Survey feedback becomes an interaction prompt. "I see from your sleep survey that you did not sleep very well. How are you feeling now?" The technology is about improving the information picture (triangulation of information from different sources), not removing meaningful contact/communication. As such, the technology changes the starting point for this conversation.
In relation to evaluating the quality of care, the technology can track time spent with the resident. Evidently, this metric does not indicate quality of care. For example, staff may be in the room, but they may not be interacting with the resident. However, it is a useful starting point. Potentially a future technology implementation might provide feedback/analytics in relation to evaluating the quality of care delivery. That is, the technology might be used to monitor and evaluate human contact-flagging risks in relation to poor quality human contact/communications (i.e., superficial communication, lack of care, lack of compassion and abuse).
AL Technology: Solving Problems only to Introduce others
The proposed technology is predicated on addressing specific states associated with resident independence, wellbeing, quality of life and social participation. However, the introduction of new technology to address these states can inadvertently create new problems. Conceptually, two related issues can be defined. Firstly, the introduction of new technology to optimize a given resident state (for example, independence/ability) can occur at the expense of other states (for example, social participation/loneliness). For example, there is a potential risk that reduced social contact (and potentially loneliness/isolation), becomes a byproduct of this technology. The tablet allows the resident to undertake certain tasks (previously requiring human assistance) without the help of nursing/care staff (i.e., meal ordering, transport coordination, switching on the TV, turning on/off lights, adjusting heating, requesting room cleaning and do not disturb requests). Interacting with a nurse or caregiver is replaced with interacting with a tablet. Although the older person is enabled, it comes at a real cost. As reported by participants, the face-to-face social interaction/conversation, which once formed part of this task, is now removed. Potentially, over the course of a day, several opportunities to communicate face to face with another person are lost. Importantly, the other communications, which follow from such care requests, are also lost. For example, while taking a meal order, a caregiver has the opportunity to ask the resident how they are feeling or enquire about social activities and/or family visits.
As such, in introducing new technology, we need to be mindful of how the technology can generate positive outcomes for certain resident states, while simultaneously creating negative outcomes in relation to other states. The introduction of new technology is task-based. Specific technology functions address unique tasks (i.e., resident meal ordering) and often link to single states (i.e., independence) and/or a subset of states. Thus, the implementation of a specific technology function cannot address all states simultaneously. However, the implementation should consider the advancement of other technology functions which might mitigate the potential negative states/outcomes arising from a given technology function. This includes a consideration of technology for (1) residents and (2) other roles that interact with residents (both directly and indirectly). Moreover, the total technology solution should be evaluated in relation to addressing all relevant resident states (holistic perspective)-bearing in mind the technology delivery both for residents and other relevant roles.
Secondly, the use of new AL technologies will unavoidably lead to behavior change for residents and other roles. New task practices and/or communication norms will arise. As such, we are designing new ways of being (ontological design). From a human perspective, such innovation does not always result in better ways of doing things. In transforming task practices (i.e., promoting independence and introducing task efficiencies for care staff), we may change some fundamental aspects of what it means to be human, to communicate and to provide care. For example, as noted by participants, the provision of Skype functionality makes it easier for residents to stay in touch with family and friends. However, making a Skype call or sending a wave/photo to a loved one, does not replace in-person communication. Further, if such communications becomes established (i.e., the new norm), then this has the potential to have a more far-reaching impact. Potentially, the provision of Skype will result in less in person visits. Thus, the behavior change, which arises from the introduction of this new technology, has consequences for resident wellbeing/quality of life. The technology enables and fosters one form of communication (i.e., virtual communication) at the expense of the other (i.e., in person communication).
Transforming Care through Improving Information Flows between Care Planning, Assessments and Daily Care
This technology provides an opportunity to bridge information gaps between care planning, care assessments and daily care. The initial care plan is derived from (1) inputs from the resident and/or family members in relation to resident need, what matters to the resident and typical daily routine/habits and (2) the outcome of relevant assessments (i.e., activities of daily living/functional independence, nutrition, medication, cognitive, social and behavioral). Once in the system, this picture can be both validated and strengthened, in relation to eliciting information from daily care (i.e., information gleamed from nursing and care personnel, and from resident and family feedback), and establishing a baseline for the person (i.e., what is normal/what is a change from normal indicating something to be checked). To improve care, we need to ensure that these information flows are both integrated and current. This information flow is bi-directional. Daily care information can be used to set the schedule for assessments (i.e., taking into account resident changes and not merely compliance requirements). Further, information from assessments can be funneled to caregivers to support both care planning and daily care. Moreover, real-time inputs (i.e., care concerns and rounding observations) from relevant roles (i.e., nurses, caregivers, resident's/family member) can be acted on immediately. Critically, this technology generates evidence to support clinical decision-making in relation to resident wellness and the requirement to undertake new assessments and/or revise care plans. Insofar as this technology transforms this process (i.e., flagging nurse/family concerns and highlighting wellness changes), it improves care.
Human Role in Relation to Technology and Requirement for New Processes to Mitigate Issues Pertaining to Loss of Social Contact
Some of the human factors issues raised by the introduction of this new technology may not be solved by the advancement of complementary technology designed to mitigate potential negative outcomes for the resident (i.e., other resident technology and/or technology for other roles). Rather, the problems may require redefinition of the human role in relation to technology usage and specifically, other socio-technical interventions. This includes new care processes/procedures, staff training, care culture interventions and so forth.
Study Limitations
As noted previously, this is an action research study. The requirements elicitation and solutions space is vast. In this regard, the initial requirements elicitation and co-design activities have focused primarily on the resident solution. Solutions for other stakeholders (i.e., admissions coordinator, nurses, care assistants and family members) have been addressed in relation to delivering resident benefits. These solutions require further definition.
Certain limitations regarding the composition of the participant panel should be noted. Interviews with older adults (N = 11) involved the participation of 10 females and 1 male. It would be useful to obtain additional insights from older males. Two participants were classified as active and healthy, 6 had one or more morbidities and 3 had some level of functional decline. Of the eleven participants, one was in receipt of formal care supports in the home, while four others depended on informal supports in the home (i.e., help from family and friends). The panel did not include older persons domiciled in residential homes. However, nurses and family members provided indirect feedback in relation to the perspective of such residents. Co-design activities involved the participation of older adults, but not actual care home residents. Currently, ageing experts and family members have provided feedback in relation to the needs of older adults with diverse physical/functional and cognitive abilities. Additional research is required with older adults with diverse age related physical (i.e., sight, motor and auditory challenges) and cognitive challenges (i.e., early cognitive decline and/or dementia). As stated earlier, it is anticipated that some of the above challenges will be considered in research phases 8 and 9.
The initial observations were not that extensive. More detailed observations of care delivery and resident experiences are required. The proposed solution has not been implemented in a care setting (i.e., ecological validity). The elicitation of implementation feedback (i.e., user/stakeholder feedback predicated on product interaction over a period of time) is a key human factors design/evaluation activity. Such feedback offers insights into what is actually acceptable to end users, how end users actually use the product, usability issues and constraints. Further, it provides information regarding implementation challenges at an organizational level (including process change, resourcing and capacity and cultural issues). This feedback is necessary to validate the solution. It is anticipated that the proposed assisted-living (AL) product will go live with customers during the lifecycle of this project. Depending on the implementation timeline, evaluations will be undertaken with residents, care staff, nurses and family members. Such feedback will be used to strengthen the ecological validity and usability of the final solution.
Conclusions
This study indicates that resident autonomy, social participation and quality of life cannot be conceptualized outside an understanding of the partnerships older people have in their personal and professional community. Accordingly, the approach is to develop technology that promotes resident ability, wellness and rights, and is premised on supporting relationships between different stakeholders. New technologies have been developed to support communication/community dwelling and not simply risk assessment. These technologies enable a resident experience that is similar to "living in one's own home". As indicated in this study, new assisted-living technology can promote social connection and enhance relationships/communications. However, it is not a solution to loneliness. This study suggests that there is a potential risk that reduced social contact (and potentially loneliness), may become a byproduct of this technology. This is a key challenge to be addressed. New processes/procedures might be introduced to mitigate the potential loss of social contact arising from the introduction of this technology and to ensure that the fundamentals of person centered care delivery are not compromised. 
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